Previous work at the Savannah River National Laboratory determined the release of Isopar ® L from saltstone prepared with a simulated DSS with Isopar ® L concentrations ranging from 50 to 200 µg/g in the salt fraction and with test temperatures ranging from ambient to 95 °C. The results from the curing of the saltstone showed that the Isopar ® L release data can be treated as a percentage of initial concentration in the concentration range studied. The majority of the Isopar ® L that was released over the test duration was released in the first few days. The release of Isopar ® L begins immediately and the rate of release decreases over time. At higher temperatures the immediate release is larger than at lower temperatures.
In this study, saltstone was prepared using a simulated decontaminated salt solution containing Isopar ® L concentrations of 50 µL/L (30 µg/g) and 100 µL/L (61 µg/g) and cured at 55 °C. The headspace of each sample was purged and the Isopar ® L was trapped on a coconut shell carbon tube. The amount of Isopar ® L captured was determined using NIOSH Method 1501.
The percentage of Isopar ® L released after 20 days was 1.4 -3.7% for saltstone containing 50 µL/L concentration and 2.1 -4.3% for saltstone containing 100 µL/L concentration. Given the measurement uncertainties in this work there is no clearly discernible relationship between percentage release and initial Isopar ® L concentration. 
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INTRODUCTION AND BACKGROUND
The Decontaminated Salt Solution (DSS) waste stream from the Modular Caustic Side Solvent Extraction (CSSX) Unit (MCU) and the Salt Waste Processing Facility (SWPF) is anticipated to contain entrained extraction solvent. The decontaminated salt solution is scheduled to be processed through Tank 50 into the Saltstone Production Facility (SPF). The solvent concentration in the MCU DSS exit stream has caused flammability concerns in the Saltstone Disposal Facility (SDF). 1 Because of these concerns, the release of the volatile solvent component Isopar ® L from saltstone has been studied to assess possible flammability issues in the saltstone vault.
The design basis carryover of solvent in the DSS stream is 50 µg/g (35 µg/g Isopar ® L). The maximum expected Isopar ® L concentration in the DSS sent to saltstone under normal process conditions was determined through small scale testing to be 88 µg/g. 2 The flammable material concentration is required by NFPA 69 to be below 25% of the lower flammability limit (LFL) of the flammable mixture in the vapor space of the vault if no safety interlocks are installed. If all of the Isopar ® L is released instantaneously into the vault vapor space when curing grout, the allowable Isopar ® L concentration in the DSS from the MCU sent to saltstone has been calculated to be less than 1 µg/g. 3 Displacement breathing of the saltstone vault coupled with instantaneous Isopar ® L release would allow the concentration of the Isopar ® L in the DSS to be 4.2 µg/g based upon the NFPA requirement.
Prior testing of Isopar ® L release from curing saltstone at 75 and 95 °C demonstrated unacceptable concentrations of Isopar ® L in the vapor space for these temperatures. 4 Therefore, SRNL was asked to determine the Isopar ® L release from curing saltstone at 55 °C. 5 The release was determined from saltstone prepared with a simulated DSS solution containing Isopar ® L concentrations of 50 µL/L (30 µg/g) and 100 µL/L (61 µg/g). Isopar ® L was used without other solvent components to provide bounding release rates.
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EXPERIMENTAL APPROACH
Simulated DSS was prepared as an "average salt solution" with minimal component omission. 6 Cesium chloride was not added to the DSS per the customer request. 5 The organic components were also removed from the recipe to preclude interactions with the Isopar ® L. Table 2 -1 is the batch sheet for one liter of DSS simulant.
Saltstone was prepared using premix materials (cement, slag, fly ash) obtained from the SPF and simulated DSS. The water-to-premix ratio (w/p) is mass of evaporable water from the waste (at ~110 °C) to the combined mass of the cement, slag, and fly ash. The premix composition, water-to-premix ratio and amounts of the materials used are listed in Table 2 -2. The cement, fly ash, and slag were weighed and added to a glass vessel with a Teflon ® lid. The proper amount of salt solution (124 grams) was added to the same mixing vessel. Table 2 -3 is the data sheet used to prepare each of the vessels. The vessel was closed and vigorously agitated by hand to prepare the saltstone slurry. Next, a volumetric aliquot of Isopar L was added to the mixture (10 μL for the 100 µL/L concentration and 5 μL for the 50 µL/L concentration). The vessel was again sealed and further vigorously agitated by hand to ensure complete mixing. Finally, the saltstone slurry was poured into the test vessel and transported to the test oven, Figure 2- Each test vessel was placed into the oven and connected to a passive sampling system using Teflon lined tubing, Figure 2 -2. After each vessel was connected, the oven was heated to 55 °C. Test vessels were sealed and vented only through the passive sampling system maintained at ambient laboratory temperatures. The sampling system contained a two-section activated carbon sampling tube, Figure 2 To determine the amount of Isopar ® L released from a saltstone sample during a particular time period, the headspace of the sample vessel was purged with air for approximately 5 to 10 minutes at a flow rate of about 100 mL/min. The purpose of the air purge was to sweep the contents of the headspace through the CSC sampling tube prior to removing the sampling tube from the sample vessel. The front carbon bed (closest bed to the incoming airflow) of the sampling tube is designed to adsorb volatile organic compounds (VOCs) that pass through the tube. The back bed (that closest to the outgoing vent end) is designed to adsorb VOCs not retained on the front bed due to saturation of the front bed or due to volume breakthrough caused by excessive airflow.
After the air purge was complete, the CSC tube was removed and replaced with a fresh sampling tube. The CSC tube removed from the sample vessel was opened, and the front and back CSC beds were removed from the tube and each bed was placed into a separate 2-mL sample vial.
The CSC was transferred into the appropriate sample vials and the organic compounds were eluted from the CSC using 1 mL of carbon disulfide (CS 2 ). After the addition of CS 2 eluent, the sealed sample vials were gently agitated and allowed a minimum of 30 minutes to ensure complete elution of the CSC prior to analysis. Samples were analyzed by gas chromatography coupled with mass spectrometric detection (GC-MS).
To determine the recovery efficiency of the CSC tubes, four CSC tubes were spiked with approximately 2 µL Isopar ® L. The CSC tubes were desorbed and analyzed. An average of 92.4 ± 4.3% of the Isopar ® L was recovered from the tubes. Analytical data will be reported assuming 100% recovery of the Isopar ® L. It is also assumed that 100% of the Isopar ® L released from the saltstone during testing was recovered on the CSC tubes. This assumption was based on the reported recoveries of Isopar ® L of greater than 90% from samples held at 95 °C. 4 Isopar ® L is a complex mixture of organic compounds composed of multiple branched aliphatic (i.e., Isoparaffinic) hydrocarbons all sharing a distillation fraction. Given this complexity, analysis of Isopar ® L with GC-MS required significant method development to account for summation of the multiple peak signals that result from the varying of hydrocarbons that make up Isopar ® L. The mass spectrum for one of the compounds in Isopar ® L is displayed in Figure 2 -4. The mass spectra of all of the compounds are characterized by having significant signals at mass-to-charge ratio (m/e) of 57, 71 and 85 with the 57 signal generally the most significant. The GS-MS was operated in the selective ion monitoring mode
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Revision 0 May 15, 2006 6 using the m/e 57 signal to generate the chromatogram. Isopar ® L has a "fingerprint" chromatogram as shown in Figure 2 -5, in that the chromatogram always consists of peaks of similar shape and area between two specific retention times. To quantify the results of Isopar ® L analysis with a mass selective detector, two basic methods could be employed. Either the summation of all integrated peak areas is used, or the peak area of a single peak is used to represent the total material. In method development for these analyses the summation method proved far more reliable. Therefore, the results are reported based upon the summation of all integrated peaks between consistent retention times. Standards were prepared by adding a known mass of Isopar ® L to a Class A volumetric flask and diluting to the mark with CS 2 . The analytical sequence of the samples analyzed consisted of the following pattern: External Standards of 1, 10, 100, and 545 μg/mL, all samples; and then external standards of 1, 10, 100, and 1000 μg/mL. The calibration curve for these analytical sequences was based upon the initial standards and checked by the last standard set. However, the analytical sequence utilized for the last four sample sets consisted of the following pattern: External standards of 1, 10, 100, and 1000 μg/mL, four samples, a second standard set (1, 10, 100, and 1000), four samples, third standard set, etc. The use of this alternate analytical sequence provided the ability to re-establish the calibration curve after every four samples to account for drift inherent in the analytical method. In processing the results, these calibration curves were used to develop a drift curve based on the slopes of the calibration curves over time. This was determined by plotting the calibration curve slope for each set of standards as a function of time and fitting a curve to the slopes, providing a time based calibration curve. For example, given the five sets of standards from 11-29, Table 2 -5, a calibration curve was calculated for each set. This was done by plotting the four standard response areas as a function of concentration and forcing the line through the origin to retrieve a calculated slope for that set of standards. The concentration of the standard (or sample) is then calculated by dividing the response area by the calculated slope. To correct for the drift in calibration, the calculated slopes are plotted as a function of time and a time dependent calibration curve is fitted, Figure 2 -7. The fit equation is then used to calculate the time corrected concentration for the standards and samples. The drift seen in the curve relates the downward trend in sensitivity of the detector to the time a sample is processed. Therefore, the results are based upon a time adjusted calibration curve accounting for drift with each set of standards. The drift curve was established over three separate analytical sequences of varying length and found to be fairly consistent with respect to slope. However, the y-intercept of the linear trend line of each fell over time, which indicates an electron multiplier instability issue. The drift of the signal therefore does not detract from the validity of the data due to the standard calibration curves.
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RESULTS
Samples were collected over a 28-day period. Prior testing exhibited a tendency for the Isopar release rate to be greatest in the first 24 hours with a significant decrease in release rate after three days. 4 Therefore, samples were pulled after approximately three hours and again at approximately twenty-four hours after preparing the saltstone. Following the initial two sampling times, all sampling times were at approximately seven-day intervals. Every vessel was sampled at each specified sampling time, allowing for triplicate analysis of each test concentration.
The release of Isopar ® L for the 50 µL/L (30 µg/g) concentration tests averaged 0.38 and 0.01 µg/g salt solution at 3 and 24 hours, respectively. Release of Isopar ® L for the 100 µL/L (61 µg/g) concentration test averaged 0.90 and 0.39 µg/g salt solution at 3 and 24 hours, respectively. As seen in Figure 3 -1, the cumulative release did continue in an upward trend throughout the testing, however, the amount of release per sample time nearly leveled off. Shaded areas show the uncertainty in the measured values expressed as one standard deviation when release is plotted as a percentage of the added Isopar ® L, Figure 3 -2. The release rate, in this case, can be defined as the tangential slope of the curves in Figure 3 -1 at a given time, and is shown in Figure 3 -3. After the first 24 hours of curing, release rates were significantly reduced (see Figure 3 -3) . This is in part due to the changing nature of the saltstone. As prepared, saltstone is a fresh slurry with a nominal effective viscosity of 60 centipoise. During this time, the Isopar ® L can move easily through the fresh slurry and evaporate from the surface. As the hydration of the cementitious materials progresses, the slurry transforms from a self-leveling fluid to self-supporting structure. The development of a crystalline structure provides resistance to the transport of the Isopar ® L, effectively reducing its availability at the surface for evaporation.
The release rate of Isopar ® L from saltstone is related to the temperature (curing) of the saltstone. Moreover, the temperature of a system containing Isopar ® L drives the vapor pressure of Isopar ® L such that the temperature rise due to the heat of hydration would be the primary influence of the release rate of Isopar ® L in the curing saltstone, Figure 3 -4. The release from the ambient samples in Reference 4 exceeds those from samples at 55 °C. This is attributed to the improved precision in the analytical method between the two studies and the small difference in vapor pressure (release) of Isopar ® L that is observed between ambient (25 °C) and 55 °C, 0.7, 4.4 torr, respectively. The curve fit is forced through the origin (zero release for sample with zero vapor pressure) and allows for the estimation of release of Isopar ® L from saltstone over a range of temperatures. It should be noted that the release curve resembles a curve that would be expected for evaporation of a liquid (vapor pressure), indicating that the primary driving force for Isopar ® L from saltstone is vapor pressure (temperature). 
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CONCLUSIONS
The data generated at 55 °C fits the same trend as the previous testing. 4 The temperature of the saltstone dictates the vapor pressure of the Isopar ® L contained within the saltstone, which, in combination with the changing nature of the saltstone due to curing, is the ultimate driver for release of Isopar ® L. Overlap of the ambient data from Reference 4 and the data collected in this study is attributed to both the increase in the analytical precision gained between the two studies and the small difference in the vapor pressure of Isopar ® L between the two test temperatures. All of the release data collected in the two studies can be fit to a curve that allows an estimation of the amount of Isopar ® L that would be released from saltstone over a range of given temperatures.
The percent released (the total of Isopar ® L released as a percent of the total initially in the Saltstone matrix), is primarily dependent on the curing temperature. A curve fit forced through the origin (zero release for sample with zero vapor pressure) allows for the estimation of release of Isopar ® L from saltstone over a range of temperatures. At 55 °C, the percent released was 1.4 -3.7% for the 50 µL/L (30 µg/g) concentration and 2.1 -4.3% for the 100 µL/L (61 µg/g) concentration. Given the measurement uncertainties in this work there is no clearly discernible relationship between percentage release and initial Isopar ® L concentration.
